Evolutionary analysis for functional divergence of the toll-like receptor gene family and altered functional constraints.
The Toll-like receptor (TLR) gene family consists of type 1 transmembrane receptors, which play essential roles in both innate immunity and adaptive immune response by ligand recognition and signal transduction. Using all available vertebrate TLR protein sequences, we inferred the phylogenetic tree and then characterized critical amino acid residues for functional divergence by detecting altered functional constraints after gene duplications. We found that the extracellular domain of TLR genes showed higher functional divergence than that of the cytoplasmic domain, particularly in the region between leucine-rich repeat (LRR) 10 and LRR 15 of TLR 4. Our finding supports the concept that sequence evolution in the extracellular domain may be responsible for the broad diversity of TLR ligand-binding affinity, providing a testable hypothesis for potential targets that could be verified by further experimentation.